O steoporosis is a common condition throughout the developed world, affecting up to 16% of women and 7% of men aged 50 years and older. 1 The presence of underlying osteoporosis is a major risk factor for the development of fractures of the hip, proximal femur, spinal vertebra and forearm. In 2000, the estimated number of people with fractures worldwide was 56 million, and about 9 million new osteoporotic fractures occur each year.
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Many risk factors for the development of osteoporosis-related fracture have been identified, including white ethnic background, low body mass index, physical inactivity and female sex. [6] [7] [8] There are also a number of medication classes, including corticosteroids and serotonin selective reuptake inhibitors, whose use has been linked to higher rates of osteoporosis. [9] [10] [11] Furthermore, any condition or drug that increases the risk of falls and injury also increases the risk of an osteoporosis-related fracture. 12, 13 One medication class that may affect bone mineral metabolism is proton pump inhibitors. This class of drugs inhibits the production and intragastric secretion of hydrochloric acid, which is believed to be an important mediator of calcium absorption in the small intestine.
14 Recent studies have suggested that the use of proton pump inhibitors for 1 or more years is associated with hip fracture and other osteoporotic fractures; however, there is limited data on additional risk beyond 4 years exposure. 15, 16 Because proton pump inhibitors are commonly prescribed to control and prevent symptoms of chronic unrelenting conditions, it is likely that many patients will use these medications for more than 4 years. Therefore, we used an adminstrative database to examine the effects of longer durations of proton pump inhibitor use on the development of osteoporosis-related fractures.
Methods

Data sources
We performed a retrospective, matched cohort study using the Population Health Research Data Repository, which contains comprehensive health care utilization data for nearly all 
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residents of Manitoba, Canada (population 1.18 million, 2006 Statistics Canada census data). 17, 18 Manitoba Health provides comprehensive health care coverage for residents of Manitoba and maintains computerized databases of contacts with the health care system, including demographics, date and type of service for all inpatient and outpatient contacts, and all dispensations of prescription medications. An encrypted personal identifier allows for anonymous linkage across data sets and creation of person-specific longitudinal records of health service utilization. The Population Health Research Data Repository has been extensively validated for determining the prevalence of osteoporotic fractures and the risk factors for their development. 18, 19 Thus, this database is well suited to explore the putative relation between the use of proton pump inhibitors and fractures of the hip, spine and wrist.
Identification of cases and controls
We defined cases as people aged 50 years and older who were seen by a physician or admitted to hospital with a diagnosis of vertebral fracture (International Classification of Diseases, 9th revision, clinical modification [ICD-9-CM] code 805), wrist fracture (ICD-9-CM code 813) or hip fracture (ICD-9-CM codes 820-821) between April 1996 and March 2004. We included patients whose hip fracture was accompanied by a physician claim for a site-specific fracture reduction or fixation. We excluded patients who had used osteoprotective medications in the year before the fracture, because these patients may have had underlying osteoporosis or a previous fracture and because their baseline risk of fracture likely exceeds the average risk in the population. Residents of longterm care facilities were also excluded because their use of prescription medication is not accurately tracked in the Manitoba Health databases. We included only patients who were continuous residents of Manitoba between 1988 and 2004 to ensure continuity of follow-up during the study period.
Each case was linked to 3 controls who had no history of hip, vertebral or wrist fractures. Controls were within 5 years of their matched case's age at the time of the fracture. They were also matched by sex, degree of comorbidity and ethnic background (Aboriginal v. non-Aboriginal). We used the Johns Hopkins aggregated diagnosis groups to determine degree of comorbidity. For each patient, we determined the number of aggregated diagnosis groups for which each patient had received a diagnosis in the year before the fracture. We grouped the degree of comorbidity into 4 categories based on the total number of aggregated diagnosis groups (0, 1-2, 3-5, ≥ 6). The use of aggregated diagnosis groups to quantify comorbidity and inherent fracture risk has been previously validated for the Manitoba databases.
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Determination of exposure
We determined exposure to proton pump inhibitors using information in the Drug Program Information Network database. We separated the total exposure time for each case and control into periods of exposure to proton pump inhibitors or no exposure. A patient was considered to have been exposed to proton pump inhibitors if the ratio of standard doses dispensed to the number of days between dispensations (excluding inpatient hospital days) exceeded 0.70 standard doses per day. Although we were not able to determine medications that were dispensed to inpatients, we assumed that patients continued to use proton pump inhibitors in hospital if they had taken them both before admission and after discharge.
Because the relation between use of proton pump inhibitors and osteoporotic fracture is more likely to be related to cumulative exposure than to exposure at the time of the fracture, we further grouped cases and controls based on their total duration of exposure. Patients were classified as having continuous exposure (> 70% of their person-time before the fracture date classified as proton pump inhibitors exposure time); noncontinuous exposure (≥ 1 proton pump inhibitor dispensed, but less than 70% of the patient's person-time before the fracture date classified as proton pump inhibitors exposure time); histamine-2-receptor antagonist exposure (≥ 1 histamine-2-receptor antagonist prescriptions dispensed, no use of proton pump inhibitors); or no exposure (no persontime before the fracture date classified as proton pump inhibitor or histamine-2-receptor antagonist exposure time).
Potential confounders
We used the Drug Program Information Network database to determine whether cases and controls were using other medications that might have affected bone metabolism or increased their risk of falls. These medications included antiandrogens, antiestrogens, bisphosphonates, vasodilatory antianginals, antihypertensives, anticoagulants, antidepressants, benzodiazepines, barbituates, antipsychotics, antiepileptics and prescription nonsteroidal anti-inflammatory drugs. We assumed that a patient was actively taking these drugs if there was at least 1 dispensation during the 120 days before the index date. Because the prescription database does not contain information about the use of over-the-counter medications, we were unable to track the use of calcium and vitamin D supplements.
We also searched inpatient and outpatient data sets to determine the presence of underlying comorbidities, including epilepsy, diabetes, ischemic heart disease, hypertension, rheumatoid arthritis, chronic obstructive pulmonary disease, prior solid organ transplant, substance use, depression, schizophrenia, dementia or home care use. We determined socioeconomic status using both area of residence (urban, rural south, rural north) and income quintiles (lowest quintiles [1] [2] v. highest quintiles [3] [4] [5] ; qunitiles were determined using average household income data from the 1996 Statistics Canada census). These data sets do not contain anthropomorphic measurements, such as weight or body mass index.
Outcomes
Our primary outcomes were whether the occurrence of an osteoporotic fracture was associated with the duration of continuous exposure to proton pump inhibitors. Because the Drug Program Information Network database only contains data about prescriptions dispensed since April 1995, we excluded cases and controls for whom there was insufficient data for the period of analysis (i.e., we could not assess the risk for ≥ 5 years of proton pump inhibitor exposure for patients for Research whom the database did not contain at least 5 years of prescription data before the index date). We also determined the strength of association between continuous exposure to proton pump inhibitors and combined hip and spine fractures, and hip fractures alone.
Statistical methods
We compared differences between categorical baseline measures for cases and controls using the χ 2 test. We considered a result statistically significant if the p value was less than 0.05. Additionally, χ 2 tests were used to compare the use of proton pump inhibitors between cases and controls. The reference group was patients with no prior exposure to proton pump inhibitors or histamine-2-receptor antagonists. We defined conditional logistic regression models, which took case-control matching into consideration, for each of the 7 exposure intervals (≥ 1 to ≥ 7 years at 1 year intervals). We used these models to generate adjusted odds ratios (OR) and 95% confidence intervals (CI). Confounding variables included area of residence, income quintile, comorbidity (present v. absent), use of home care services (yes v. no) and use of medications that might have affected the risk of osteoporosis or fracture (antiandrogens, antianginals, anticoagulants, antidepressants, antiestrogens, nonsteroidal anti-inflammatory drugs, antiseizure medications, benzodiazepines, hypoglycemic agents, diuretics, systemic corticosteroids and 3-hydroxy-3-methylglutaryl-coenzyme A [HMG-CoA] reductase inhibitors [statins]). We modelled use of proton pump inhibitors as a series of dummy variables, using patients with no exposure as the reference group. We determined an odds ratio to be statistically significant if the range of the 95% confidence interval did not include 1.0.
Results
A total of 15 792 patients met our case definition between April 1996 and March 2004. These cases were matched with 47 289 controls. Baseline characteristics of cases and controls, as well as all cases and controls with 5 or more years of data in the database are shown in Table 1 and Table 2 . Table 3 shows the length of exposure to proton pump inhibitors for cases and controls. Overall, patients with a hip, spine or wrist fracture were significantly more likely than controls to have been diagnosed with dementia or substance abuse, and they were much more likely to have received home care services. Owing to the large sample size, there were statistically significant differences between cases and controls in many of the categories of medical history and drug use. However, the absolute difference in the rate of use between cases and controls exceeded 2% only for antiepileptics, benzodiazepines, antidepressants and nonselective nonsteroidal anti-inflammatory drugs.
The relation between length of exposure to proton pump inhibitors and any osteoporotic fracture is shown in Figure 1 . There was no significant association between use of proton pump inhibitors and the development of any osteoporosisrelated fracture for patients with 1-6 years of continuous proton pump inhibitor exposure. However, after 7 years of contin- 
Interpretation
We found that use of proton pump inhibitors increased the risk of hip fracture after 5 or more years of continuous exposure. The risk of any osteoporotic fracture was increased after at least 7 years of continuous exposure to proton pump inhibitors. Patients with less than 6 years of continuous exposure were not at significantly increased risk of an osteoporosis-related fracture compared to controls, and they were not at increased risk of hip fracture with 4 or fewer years exposure. Although many of our odds ratios were between 1 and 2, which suggests a modest increase in the relative odds of a fracture, osteoporotic fractures are common occurrences associated with substantial morbidity and mortality, particularly with increasing age. Therefore, relatively small increases in the relative risk of a fracture may have pertinent effects on the absolute risk of events and their associated costs to the individual and society. The calculated odds ratios for exposure to proton pump inhibitors are also similar in size to those for other established osteoporotic-fracture risk factors, such as smoking, low body mass index and excessive alcohol intake. 20 Our findings are consistent with those in a recent study by Yang and colleagues. 15 They reported that patients with hip fractures were 1.21 times more likely than matched controls to have *Patients with no person-time before the fracture date classified as proton pump inhibitor exposure time and no exposure to a histamine-2-receptor antagonist. †Patients with ≥ 1 prescription for a histamine-2-receptor antagonist, but no use of proton pump inhibitors. ‡Patients with ≥ 1 proton pump inhibitor dispensed, but less than 70% of the patient's person-time before the fracture date classified as proton pump inhibitor exposure time. §Patients with > 70% of their person-time before the fracture date classified as proton pump inhibitor exposure time.
been prescribed a proton pump inhibitor for more than 1 year and 1.59 times more likely to have used a proton pump inhibitor for 4 or more years. Patients with hip fractures were also 2.65 times more likely than controls to have used proton pump inhibitors at doses more than 1.75 times the standard dose. 15 Although we did not find a significant increase in hip fractures or overall osteoporosis-related fractures among patients with less than 5 or 7 years, respectively, of continuous proton pump inhibitor exposure, our long-term results are consistent with these data.
In contrast to the study by Yang and colleagues, 15 we only found an increase in the overall risk of fracture among patients who had 7 or more years of exposure to proton pump inhibitors, and an increase in the risk of hip fracture with 5 or more years of exposure. This is not surprising because bone mineralization and resorption takes place over many years, and the effect of a drug that has a subtle effect on bone mineralization may require several years of exposure before it has a measurable effect on clinical outcomes. It is possible that the finding of a significantly increased risk of fracture among patients with 1 or more years exposure by Yang and colleagues may have been because this cohort included many patients who had been using proton pump inhibitors for up to 15 years. Therefore, if a significant proportion of patients in their study cohort had extended exposure to proton pump inhibitors, those patients may have been responsible for a disproportionate share of the fracture burden. However, the study by Yang and colleagues 15 does not comment on the distribution of the duration of exposure to proton pump inhibitors within the cohort with 1 or more years of exposure.
The mechanism by which extended use of proton pump inhibitors increases the risk of fracture is unknown; however, it is most likely due to the acid-inhibiting effects of proton pump inhibitors accelerating the rate of bone mineral loss. This is consistent with proton pump inhibitor exposure being more strongly associated with hip fracture than with the combined outcomes of hip, spine and wrist fractures because low bone mineral density is much more strongly associated with hip fracture than with the combined outcomes of hip, spine and wrist fractures. 19 Although the precise effect of acid inhibition on bone mineral density over time is uncharacterized, there are several physiologic mechanisms by which use of proton pump inhibitors could affect bone mineral metabolism. First, the ability of the small intestine to absorb ingested calcium salts is dependent on solubility, and the solubility of calcium salts is pH dependent. 21 Calcium carbonate, which is the most common calcium salt found in dietary supplements, is relatively insoluble at high pH levels, which could potentially hinder its absorption. 22 Conversely, in vitro, proton pump inhibitors inhibit bone resorption, and in vivo, proton pump inhibitors decrease urinary excretion of calcium, likely because of inhibition of vacuolar H + /ATPases found on osteoclast cell membranes. 23 Therefore, further research is required to determine the precise effect of long-term use of proton pump inhibitors on bone mineral metabolism.
Our study suggests that the risk of osteoporosis-related fracture increases with the duration of exposure to proton pump inhibitors. This has specific implications for patients with longterm exposure. Because many of the common indications for proton pump inhibitor therapy are not self-limiting, 24 a substantial portion of proton pump inhibitor use is of indefinite duration. Furthermore, use has been increasing in recent years, likely because of a number of factors, including increasing affordabil- Figure 1: Association between continuous exposure to proton pump inhibitors and osteoporosis-related fractures (hip, vertebra or wrist). *Adjusted for income, region of residence, diagnoses (short-or long-term diabetes, epilepsy, ischemic heart disease, myocardial infarction, hypertension, arthritis, solid organ transplant, chronic obstructive pulmonary disease, substance use, depression, schizophrenia, dementia), home care use and multiple medications. The reference group was patients with no exposure to proton pump inhibitors or histamine-2-receptor antagonists. Note: CI = confidence interval.
ity with the emergence of generic and over-the-counter formulations, and an increasing reluctance to give cyclooxygenase-2 inhibitors as a gastroprotective strategy for people taking nonsteroidal anti-inflammatory drugs. 25 These factors may promote the long-term use of proton pump inhibitors, leaving patients at increased risk of osteoporosis-related fractures. Conversely, there is evidence that these medications are frequently given to patients with no obvious indication, 26, 27 and other studies have suggested that many long-term proton pump inhibitor users can be stepped-down to less intensive therapies without recurrence of symptoms. 28, 29 Because evidence also suggests that use of proton pump inhibitors may be associated with an increased risk of enteric infections such as Clostridium difficile and community acquired pneumonia, 30, 31 clinicians must be increasingly vigilant in ensuring that proton pump inhibitors are used sparingly and only when absolutely indicated. However, there will remain a subset of patients for whom continuation of long-term therapy is necessary because of an underlying high-risk of gastrointestinal bleeding, recalcitrant symptoms or complications of gastroesophageal reflux disease, including peptic strictures and erosive esophagitis. Further study is required to determine whether there are pharmacologic strategies, including the use of calcium supplementation, bisphosphonates or estrogen analogues, that can mitigate the risk of fracture. 32, 33, 34 Our study has some limitations that deserve further discussion. First, owing to the lack of anthropomorphic data and information about the use of over-the-counter calcium supplements, vitamin D supplements, tobacco and alcohol in our data set, we were unable to control for the possible confounding effects of these factors. We were also unable to determine whether increased fracture risk from proton pump inhibitors is related to reduced bone density or increased risk for falls; however, to our knowledge, there is no evidence that proton pump inhibitors increase falls. Second, as with any observational study, there may be unrecognized differences between cases and controls that can confound the results. Finally, fractures that do not lead to a physician interaction (which includes many vertebral fractures) cannot be identified. However, given the comprehensiveness of the Population Health Research Data Repository and its previous use for determining risk factors for osteoporotic fractures, we are confident that it is unlikely that these limitations had a profound effect on our results.
In conclusion, we detected an association between long-term (≥ 7 years) exposure to proton pump inhibitors and osteoporosisrelated fractures. We also found an association between hip fractures and 5 or more years exposure to proton pump inhibitors. However, short-term use did not appear to increase fracture risk. Further study is required to examine the effect of acid inhibition on calcium absorption and bone mineral metabolism, specifically to determine the effect of acid inhibition on bone mineral density over time. As well, further research is needed to examine the role of osteoprotective medications for patients who require longterm proton pump inhibitor therapy. Lastly, as with any medication, we recommend that proton pump inhibitors be used only in clinical situations where they are necessary and in which they have been proven to be efficacious.
